Seizure during adult community-acquired bacterial meningitis; Long-term outcome; Predictive factors Summary Background: Seizures are important neurological complications of bacterial meningitis, but no information about its epidemiology and the outcomes of seizures after community-acquired bacterial meningitis (CABM) in an adult population have been reported. Aims: To determine the frequency, clinical relevance, subtypes of seizures during the acute phase of bacterial meningitis, and the long-term outcomes of seizure complicating adult CABM. Methods: In this 12-year retrospective study, 117 adult patients were identified with culture-proven CABM. A comparison was made between the clinical data of the patients with and without seizures during hospitalization. Results: Thirty-one patients had seizures during CABM, accounting for 27% (31/117) of the episodes. The time interval between the onset of bacterial meningitis and the seizures was 1-21 days (mean, 4 days). Furthermore, 80% (25/31) of the episodes occurred within 24 h of presentation. Ten patients who had seizures progressed to status epilepticus. At follow-up after completing treatment, 10 patients completely recovered and were seizure-free, 19 died of meningitis during the acute stage and the other two progressed to chronic epilepsy. Conclusion: A log-rank test demonstrated that the long-term outcome of adult CABM with acute seizures produced worse outcomes than for those who had no seizures, though no difference was noted between focal and generalized seizures. None of our
Introduction
Seizures are important neurological complications of bacterial meningitis, 4, 12 and it is often associated with poor outcomes. 2, 4, 5, 12, [21] [22] [23] Concerning research on the outcome of seizures complicating bacterial meningitis, most clinical studies have focused on children populations. 2, 5, [21] [22] [23] To our knowledge, no information about its epidemiology and the outcomes of seizures after communityacquired bacterial meningitis (CABM) in an adult population has been reported. Several important questions remain unanswered, including the proportion of seizures which occur during the course of acute bacterial meningitis, the causative pathogens, subtypes of seizures during the acute phase of bacterial meningitis, and the long-term outcomes in these special groups of patients. In this study, we examine the clinical characteristics of 117 CABM patients. We chose to study (1) the types of seizures that occur during acute bacterial meningitis, (2) the predictive factors strongly associated with seizures which occur during the course of acute bacterial meningitis, and (3) the significance of seizures and other predictive factors during the acute illness for the long-term outcome after bacterial meningitis.
Patients and methods
Over a period of 12 years (1992-2003) , 117 adult patients at Chang Gung Memorial Hospital-Kaohsiung (CGMH) were retrospectively identified as having culture-proven CABM. Among the 117 adult patients, 31 suffered from seizures secondary to bacterial meningitis. A comparison was made between the clinical data of the patients with and without seizures during hospitalization.
A definite diagnosis of bacterial meningitis included the following: (1) positive culture of a bacterial pathogen in one or more cerebrospinal fluid (CSF) cultures; (2) typical purulent CSF findings including decreased glucose level, increased lactate and protein concentration, and pleocytosis with predominant polymorphonuclear cells; and (3) classic clinical manifestations including fever, disturbed consciousness, and signs of meningeal irritation. 10, 19 Patients were considered to have mixed bacterial meningitis if at least two bacterial organisms were isolated from the initial CSF cultures. 7 Bacterial meningitis is characterized as either being nosocomial or community-acquired.
14 ''Community-acquired bacterial meningitis'' is defined as bacterial meningitis contracted outside of a hospital environment. Patients were excluded from the study if they had any of the following: (1) history of head trauma with skull fractures or neurosurgical procedures including CSF shunting; (2) evidence of concomitant chronic meningitis or encephalitis not due to bacterial pathogens; and (3) seizure disorders before the episode of bacterial meningitis.
In our institution, each patient received an initial brain computed tomographic scan (CT scan) and/or magnetic resonance imaging (MRI) study and followup contrast-enhanced CT and/or MRI study every 2 weeks before the lumbar puncture procedures during the course of acute meningitis. Furthermore, emergent follow-up CT studies were also performed if clinical deterioration was noted, including acute onset of focal neurological deficits, seizures or status epilepticus, and a progressive disturbed conscious state. In this study, ''abnormal neuroimaging findings'' were defined as new onset cerebral infarctions, hydrocephalus, subdural empyema or other abnormalities demonstrated by brain CT scan or MRI during hospitalization. Seizures were classified according to the guidelines of the International League Against Epilepsy. 8 In this study, the definition of status epilepticus was modified from those of previous reports. 8, 18 It was defined as either continuous seizures lasting at least 5 min or two or more discrete seizures between which there is incomplete recovery of consciousness. Late seizures were defined as those who had one or more afebrile seizures after completing the treatment. 23 The initial level of consciousness on admission was classified into two groups: (I) normal consciousness (Glasgow coma scale (GCS) score = 15) and (II) disturbed consciousness (GCS score < 15). Leukocytosis is defined as a white blood cell count greater than 15 Â 10 9 /L of peripheral blood, leukopenia as a white blood cell count of less than 4 Â 10 9 /L and thrombocytopenia as a platelet count of less than 150 Â 10 9 /L. The criteria for hyperglycemic hyperosmolar nonketotic state (HHNK) in this study were defined as follows: (1) an admission calculated serum osmolarity !350 mOsm/L; (2) serum glucose !33.3 mmol/L; (3) arterial pH !7.25; and (4) serum ketone body negative.
In our institution, we did not use prophylactic antiepileptic drug (AED) therapy for those who did not have seizures in the acute stage of bacterial meningitis. The adjunctive use of dexamethasone in adult bacterial meningitis is also uncommon, although it would be different for each patient according to the preference of his/her doctor. Over the study period, intravenous administration of penicillin G or vancomycin with one of the third generation cephalosporins (ceftriaxone, ceftazidime) or cefepime were the initial empiric antibiotics used in the treatment of adult patients with clinical evidence of bacterial meningitis. Further antibiotic adjustment was guided according to the results of pathogenic identification and antibiotic susceptibility tests.
The clinical data, including gender, and clinical manifestations between two patient groups (with or without seizures) during acute phase of meningitis, were analyzed by means of the Chi-square test or Fisher's exact test. The mean ages between the two patient groups were analyzed by Student's t-test. CSF glucose, total protein, WBC counts, and glucose ratios at the time of admission between the two patient groups were analyzed by the Wilcoxon rank sum test. Stepwise logistic regression was used to evaluate the relationships between clinical factors and the presence of seizures, with adjustments made for other potential confounding factors. The outpatient department followed some patients after discharge, with others interviewed by telephone to identify neurological outcome. The association between various clinical and demographic factors and late seizures, and the survival curve between those who had seizures and those without were assessed with KaplanMeier plots compared by a log-rank test. All statistical analyses were conducted using SAS software (1990, SAS Statistical Institute, Cary, North Carolina).
Results
Among these 117 patients with adult communityacquired spontaneous bacterial meningitis, 31 had seizures during the acute phase of bacterial meningitis. The 31 patients included 17 males and 14 females. The mean age was 59.96 AE 13.47 years. Beside bacterial meningitis, 25 patients had one or more other underlying conditions, while the other six did not ( Table 1 ).
The time interval between the onset of bacterial meningitis and the seizures was 1-21 days (mean, 4 days). Among these 31 cases, 27 seizures occurred within 2 weeks after meningitis, while the other four occurred after 2 weeks of treatment. Furthermore, 91% (25/27) of the former 27 cases occurred within 24 h of presentation. As for the proposed etiologies of the former 27 cases, 10 were underlying anatomic pathologies, five were due to HHNK, and the remaining 12 were undetermined. As for the proposed etiologies of the latter four cases, three were associated with underlying anatomic pathologies, and other one was due to HHNK.
Regarding the seizure subtypes in these 31 patients, 26 had generalized seizures, and the other five had focal seizures. The former 26 cases included generalized tonic-clonic seizures in 22 and focal seizures evolving to generalized tonic-clonic convulsions in the other four. The frequency of seizures in these 31 cases during the acute phase of bacterial meningitis is as follows: 18 patients had one episode of seizures, three patients had two episodes of seizures, and 10 patients progressed to status epilepticus. Ten cases progressed to status epilepticus, six of whom died, and the other four completely recovered and were seizure-free after completing the treatment for meningitis. Furthermore, no adult without seizures in the acute phase of bacterial meningitis developed late seizures during the study period. Among these 31 cases, every patient had at least one electroencephalogram (EEG) performed during the period of acute infection. The EEG reading showed a predominantly unilateral abnormality in two patients, while in the other 29, the abnormality was diffuse. The two cases, which showed a predominantly unilateral abnormality, one had brain abscess formation, and the remaining one had subdural empyema formation.
Abnormal neuroimaging findings were determined in 26% (30/117) of the episodes during hospitalization for bacterial meningitis. Of the 30 cases that showed neuroimaging abnormalities, 12 had seizures during hospitalization, while the other 18 a Twenty-two patients had more than one underlying disease.
did not. The abnormal neuroimaging findings in the 12 cases included hydrocephalus in four, pyogenic brain abscess in four, subdural empyema in one, cerebral infarction complicating bacterial meningitis in two, and pyogenic brain abscess in one. The relationship between the findings of neuroimaging abnormalities and the occurrence of seizures during acute bacterial meningitis was not significant ( p = 0.052, Chi-square test), and there was also no difference in the occurrence of late seizures between those with abnormal neuroimaging findings during hospitalization and those without abnormal neuroimaging findings during hospitalization ( p = 0.064, log-rank test). The pathogens isolated from the CSF cultures in these 117 patients are listed in Table 2 . Regarding the relationship between the causative pathogens (Klebsiella (K.) pneumoniae versus other bacterial pathogens) and seizures we observed a high prevalence of seizures, which occurred during the course of acute bacterial meningitis when the disease was caused by K. pneumoniae, although the statistical analysis was not significant ( p = 0.75, Chi-square test). Regarding the relationship of the subgroups of causative pathogens (Gram-negative bacilli, streptococcal species, staphylococcal species and other pathogens) to the frequency of seizures during the acute phase of bacterial meningitis (1-3 episodes and presence of status epilepticus), to the type of seizures (tonic-clonic seizure, focal seizures evolving to tonic-clonic convulsions, and focal seizure) and to the outcome independent of the presence of seizures, the statistical analysis showed the following: (1) there was no relationship between the subgroups of causative pathogens and the frequency of seizures during the acute phase of bacterial meningitis ( p = 0.92, Fisher's exact test); (2) there was no relationship between the subgroups of causative pathogens and the type of seizures ( p = 0.102, Fisher's exact test); and (3) there is no relationship between the subgroups of causative pathogens and the outcome controlled for the presence of seizures ( p = 0.333, MantelHaenszel test).
Comparison of clinical features and laboratory data between CABM with or without seizures are listed in Table 3 . Statistical analysis of the clinical manifestations and laboratory data between the two patient groups revealed the following significant findings: disturbed consciousness on admission ( p = 0.0003), mean age ( p = 0.017), and the presence of disseminated intravascular coagulation (DIC) ( p = 0.04). Variables used in the logistic regression included disturbed consciousness on admission, age and the presence of DIC. The results revealed that after an analysis of all the abovementioned variables, only the presence of disturbed consciousness on admission ( p = 0.003) was independently associated with seizure episodes. Furthermore, a log-rank test revealed that the difference between the survival curve of those with seizures during the acute episode and the survival curve of those without was significant ( p = 0.0011), although no difference was noted between focal and generalized seizures during acute bacterial meningitis ( p = 0.691).
The overall mortality rates for those patients who had seizures and those had had no seizure during acute bacterial meningitis were 39% (12/31) and 34% (29/86), respectively ( Table 2) . Mean duration of follow-up among the other survivors was 5.5 AE 3.7 years for those patients who had acute seizure and 6.2 AE 3.4 years for those who had no seizure. Therapeutic outcomes among those who had acute seizure were as follows: 10 cases completely recovered and were seizure-free after completing the treatment, 19 died of meningitis during the acute course of bacterial meningitis, and the (1) 11 (1) Values in parentheses indicate number of fatalities. a These organisms included Pseudomonas aeruginosa (1), Acinetobacter baumannii (1), Chryseobacterium meningosepticum (1), Vibrio (1), Proteus mirabilis (1), and Escherichia coli (1).
b These organisms included Group D streptococci (1), non-A, B, and D streptococci (1), Group B streptococci (1), Streptococcus pneumoniae (1), and viridans streptococci (2) .
c These organisms included Listeria monocytogenes (1) and mixed infections (1).
other two had one or more afebrile seizures after completing treatment (late seizures), progressing to uncontrolled epilepsy. Furthermore, one of these two patients, whose epilepsy was poorly controlled, died of status epilepticus 4 months after completing the treatment for bacterial meningitis.
Discussion
Seizures are an important neurological complication of CABM, and account for 5-28% of the episodes in other series. 4, 6, 10, 16 In our study, it was the third most common clinical feature of adult CABM, followed by fever and disturbed consciousness, accounting for 27% (31/117) of the episodes.
The occurrence of seizures usually observed within 24 h of presentation in another study 16 and our study, accounted for 76 and 80% of the episodes, respectively. Seizure activity that has a focal onset is due to either focal cerebral ischemia or edema, while generalized seizure activity and status epilepticus are due to fever, metabolic derangement, spread from a focal onset to a generalized tonic-clonic convulsion, or toxicity from antimicrobial agents. 26 The proposed etiologies of our cases were underlying anatomic pathologies, metabolic derangement or both.
Seizures complicating bacterial meningitis have been previously shown to have an adverse effect on mortality and morbidity. 4 There are several reasons that may lead to increased mortality and morbidity in those who have convulsions, including the following: (1) these patients are older, commonly associated with underlying medical conditions, and have more fulminant courses with a higher prevalence of bacteremia and shock; and (2) later neurologic morbidity is attributable to hypoxia, lactic acidosis, IICP, and autonomic dysfunction.
In our study, we demonstrated that the long-term outcome of adult CABM with seizures during the acute phase of bacterial meningitis produced worse outcomes than for those who had no seizures, though no difference was noted between focal and generalized seizures.
Our study demonstrated that there was no relationship between the subgroups of causative pathogens (Gram-negative bacilli, streptococcal species, staphylococcal species and other pathogens) to the frequency of seizures during the acute phase of bacterial meningitis (1-3 episodes and presence of status epilepticus), to the type of seizures (tonicclonic seizure, focal seizures evolving to tonicclonic convulsions, and focal seizure) and to the outcome independent of the presence of seizures. Although K. pneumoniae was the most common causative pathogen of CABM causing seizures, the statistical analysis regarding the relationship between the causative pathogens (K. pneumoniae versus other bacterial pathogens) and the occurrence of seizures in CABM was also not significant. This may reflect a high prevalence of K. pneumoniae as the causative pathogen of CABM in Taiwan. 11, 25 In Taiwan, when CABM occurs in patients with DM, K. pneumoniae meningitis should be considered. 15 It has been postulated that hyperglycemia may enhance capsule formation and thereby increase the virulence of Klebsiella bacilli. 24 Six of our 20 diabetic patients who had seizures during the acute phase of bacterial meningitis progressed to HHNK during the acute phase of meningitis. Therefore, such complications make therapy for bacterial meningitis in this special group of patients more difficult.
Although the adjunctive use of dexamethasone has been shown to improve the outcome in adults with Streptococcus (S.) pneumoniae meningitis, 9 in Taiwan, the adjunctive use of dexamethasone in adult bacterial meningitis is uncommon because of the following reasons 17 : (1) The majority of bacterial meningitis cases result from infection with K. pneumoniae, rather than S. pneumoniae 20 ; (2) Most of the patients with K. pneumoniae meningitis are associated with diabetes mellitus, and the adjunctive use of corticosteroids may increase the risk of poor blood glucose control in diabetic patients; and (3) In areas such as Taiwan, where there is an apparent increase in the prevalence of penicillin non-susceptible S. pneumoniae and/or penicillinresistant S. pneumoniae strains, 13 the empirical antimicrobial agents for S. pneumoniae meningitis may include a combination of vancomycin and third-generation cephalosporins. However, the concomitant administration of corticosteroids may significantly reduce the penetration of vancomycin into CSF. 1 In a study focused on the risk of unprovoked seizures after meningitis, patients who have been followed-up for a long period of time have shown 3 that increased incidence of unprovoked seizures is highest during the first 5 years after meningitis, although it remains elevated over the subsequent 15 years of follow-up. The 20-year risk of developing unprovoked seizures is 13% for patients with bacterial meningitis and early seizures and 2.4% for patients with bacterial meningitis without early seizures. 3 The other study to synthesize evidence concerning the effect of AEDs for seizure prevention and to contrast their effectiveness for provoked versus unprovoked seizures had demonstrated that effective or promising results predominate for provoked (acute, symptomatic) seizures, whereas no drug has been shown to be effective for unprovoked (epileptic) seizures. 27 Among the survivors of our study, two of whom had acute seizure progressed to uncontrolled epilepsy, whereas none of the other patients without acute seizures developed late seizures during the study period. Our standard is to administer AEDs only to those who had seizures in the acute stage of bacterial meningitis and continue AED therapy after the meningitis to prevent the development of later epilepsy whereas we did not use prophylactic AED therapy to those who did not have seizures in the acute stage of bacterial meningitis. As this is a retrospective study, it was not possible to assess the effect of prophylactic AEDs after the acute stage of any cerebral disease to prevent later epilepsy or draw any conclusions. Therefore, we look forward to more prospective, randomized, double-blind, multicenter trials of prophylactic AED therapy investigations to clarify optimal therapy for this specific group of patients.
In conclusion, seizures are an important neurological complication of CABM, and poor long-term outcome has also been found in this special group of patients. Poor outcome in this study may be attributed to neurological complications such as seizure, hydrocephalus, infection itself, or a combination of complications. None of our patients without seizures in the acute phase of bacterial meningitis developed late seizures during the follow-up periods. In spite of the high mortality and morbidity, adequate treatment of metabolic derangement, aggressive antimicrobial therapy and seizure control are essential for improving therapeutic outcomes.
